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(57) [Object] To provide a sensor apparatus and an
information processing apparatus having excellent oper-
ability.

[Solving Means] A sensor apparatus according to an
embodiment of the present invention includes a touch
panel (50), a casing (10), and a pressure-sensitive sen-
sor (60). The touch panel (50) includes an input operation
surface and detects a position at which an operator
comes into contact with the input operation surface di-

SENSOR DEVICE AND INFORMATION PROCESSING DEVICE

rectly or indirectly. The casing (10) accommodates the
touch panel (50). The pressure-sensitive sensor (60) in-
cludes a first electrode (61) fixed to the touch panel (50),
a second electrode (63) fixed to the casing, and an elastic
body (62) arranged between the touch panel (50) and
the casing (10) and elastically supporting the touch panel
(50) with respect to the casing (10). The pressure-sen-
sitive sensor (60) detects a pressing force input to the
input operation surface, as a change of a capacitance
between the first and second electrodes (61, 63).
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Description
Technical Field

[0001] The present invention relates to a sensor ap-
paratus including a touch panel and to an information
processing apparatus.

Background Art

[0002] Various electronic apparatuses, for example,
information processing apparatuses such as personal
computers and cellular phones, include devices capable
of being input with touch panels. For the touch panel as
a sensor apparatus, an input device of a capacitive sys-
tem, a resistive system, or the like is used. For example,
in a capacitive touch panel, an input operator such as a
finger and a contact pen is caused to come into contact
with a touch panel operation surface, and accordingly a
contact position thereof is detected and an input opera-
tion is made (see, for example, Patent Document 1).
[0003] Patent Document 1: Japanese Patent Applica-
tion Laid-open No. Hei 8-147092 (paragraphs [0002],
[0003])

Disclosure of the Invention
Problem to be solved by the Invention

[0004] In the touch panel described above, at a time
of input operation, it is necessary to separate the input
operator from the operation surface once and then cause
the input operator to come into contact with the operation
surface again in order to perform the next input determi-
nation. For that reason, the conventional sensor appa-
ratus has a problem of poor operability.

[0005] In view of the circumstances as described
above, it is an object of the present invention to provide
a sensor apparatus and an information processing ap-
paratus with excellent operability.

Means for solving the Problem

[0006] To solve the above-mentioned object, accord-
ing to an embodiment of the present invention, there is
provided a sensor apparatus including a touch panel, a
casing, and a pressure-sensitive sensor.

The touch panel includes an input operation surface and
detects a position at which an operator comes into con-
tact with the input operation surface directly or indirectly.
The casing accommodates the touch panel.

The pressure-sensitive sensor includes a first electrode
fixed to the touch panel, a second electrode fixed to the
casing, and an elastic body arranged between the touch
panel and the casing and elastically supporting the touch
panel with respect to the casing. The pressure-sensitive
sensor detects a pressing force input to the input oper-
ation surface, as a change of a capacitance between the
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first and second electrodes.

[0007] According to the sensor apparatus, since the
touch panel is provided, it is possible to perform position
detection of the input operation surface with which the
operator comes into contact. Further, since the pressure-
sensitive sensor in which a capacitance is changed in
accordance with a pressing force is provided, it is possi-
ble to detect a pressing force with respect to the input
operation surface by the operator, based on the capac-
itance change. Accordingly, itis possible tojudge an input
determination based on the detection of the pressing
force. Accordingly, when the operator merely comes into
direct or indirect contact with the input operation surface,
it is not judged to be an input determination, with the
result that erroneous inputs can be reduced. In addition,
the operator can be moved in a state of coming into direct
or indirect contact with the input operation surface, which
improves the operability.

[0008] Inacase where the input operation surface has
a rectangular shape, the pressure-sensitive sensor can
be arranged at each of four corners of the touch panel.
Accordingly, it is possible to highly precisely detect a
pressing force without depending on a press position with
respect to the input operation surface.

[0009] The elastic body may be formed in an annular
shape along a circumference of the touch panel.
Accordingly, it is possible to obtain a stable operational
feeling without depending on a press position. Further,
the elastic body can be given a function as a sealing
member attached between the touch panel and the cas-
ing.

[0010] The first electrode may be formed correspond-
ingly to each of the four corner positions of the touch
panel. In this case, the plurality of first electrodes may
be electrically connected to each other.

The capacitance changes detected at positions at which
the first electrodes are formed are combined, with the
result that it is possible to detect a pressing force with
respect to the input operation surface highly precisely.
It should be noted that the first and second electrodes
may be each formed in the annular shape along the cir-
cumference of the touch panel, by which the same effect
as that described above can also be obtained. The "an-
nular shape" used herein includes a continuous annular
shape along the circumference of the touch panel, and
a noncontinuous annular shape partially having a notch
portion. It should be noted that the same holds true for
the meaning of the "annular elastic body".

[0011] The sensor apparatus may further include a
judgment unit configured to judge the pressing force
based on a combined value of capacitance changes de-
tected by the respective pressure-sensitive sensors ar-
ranged at the four corner positions of the touch panel.
Accordingly, it is possible to highly precisely detect a
pressing force without depending on a press position with
respect to the input operation surface. The judgment unit
may judge the pressing force from the combined value
of the capacitance changes, or may judge the pressing
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force from an average value obtained by dividing the
combined value by the number of pressure-sensitive sen-
sors.

[0012] The touch panel may include a first substrate
having a first electrode pattern, a second substrate hav-
ing a second electrode pattern, and a bonding layer that
bonds the first substrate and the second substrate to
each other. In this case, the first electrode of the pres-
sure-sensitive sensor can be formed on the first substrate
of the touch panel.

Accordingly, it becomes possible to form the first elec-
trode pattern of the touch panel and the first electrode of
the pressure-sensitive sensor on the first substrate in
common.

[0013] The first electrode may be constituted of two
electrode portions that are opposed to the second elec-
trode with the elastic body being interposed therebe-
tween.

Accordingly, it becomes unnecessary to lead wires for
the second electrode, which makes it possible to simplify
the structure.

[0014] The sensorapparatus may furtherinclude afirst
conductor layer and a first dielectric layer. The first con-
ductor layer is provided correspondingly to the second
electrode. The first dielectric layer is provided between
the first conductor layer and the second electrode, and
has a dielectric constant smaller than that of the elastic
body.

Accordingly, it is possible to suppress a potential of the
second electrode from being varied due to disturbance,
and stabilize the detection sensitivity of the pressure-sen-
sitive sensor.

[0015] The sensor apparatus may further include a
second conductor layer and a second dielectric layer.
The second conductor layer is provided correspondingly
to the first electrode. The second dielectric layer is pro-
vided between the second conductor layer and the first
electrode, and has a dielectric constant smaller than that
of the elastic body.

Accordingly, it is possible to suppress a potential of the
first electrode from being varied due to disturbance, and
stabilize the detection sensitivity of the pressure-sensi-
tive sensor.

[0016] The touch panel may be formed of a capacitive
touch panel. It should be noted that the touch panel is
not limited to this, and other touch panel of a resistive
system or the like may be used.

[0017] The sensor apparatus may further include a
judgment unit configured to judge presence/absence of
an input made with the operator based on a magnitude
of a variation in temporal change of an output from the
pressure-sensitive sensor. Accordingly, even when an
input operation involving a nonsmooth movement of the
operator is made, if a variation of the output from the
pressure-sensitive sensor is small, it can be judged to be
a normal movement and then to be an input.

[0018] According to an embodiment of the present in-
vention, there is provided an information processing ap-
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paratus including a touch panel, a casing, a pressure-
sensitive sensor, and a display panel.

The touch panel includes an input operation surface and
detects a position at which an operator comes into con-
tact with the input operation surface directly or indirectly.
The casing accommodates the touch panel.

The pressure-sensitive sensor includes a first electrode
fixed to the touch panel, a second electrode fixed to the
casing, and an elastic body arranged between the touch
panel and the casing and elastically supporting the touch
panel with respect to the casing. The pressure-sensitive
sensor detects a pressing force input to the input oper-
ation surface, as a change of a capacitance between the
first and second electrodes.

The display panel is arranged on a back surface side of
the touch panel and accommodated in the casing.

Effect of the Invention

[0019] As described above, a sensor apparatus with
excellent operability can be obtained.

Brief Description of Drawings
[0020]

[Fig. 1] A schematic cross-sectional view of an infor-
mation processing apparatus according to first, sec-
ond, third, seventh, and eighth embodiments of the
present invention.

[Fig. 2] A schematic exploded perspective view of
the information processing apparatus shown in Fig.
1 according to the first embodiment, in which the
illustration of a casing is omitted.

[Fig. 3] A partially enlarged view of Fig. 2, corre-
sponding to an exploded perspective view of a touch
panel.

[Fig. 4] An enlarged view of an area surrounded by
the circle A of Fig. 1.

[Figs. 5] Diagrams for explaining the principle of op-
eration of a pressure-sensitive sensor incorporated
in the information processing apparatus shown in
Fig. 1.

[Fig. 6] A diagram showing characteristics of the
pressure-sensitive sensor shown in Figs. 5.

[Fig. 7] A diagram showing an arrangement example
of an FPC board in the information processing ap-
paratus.

[Fig. 8] A schematic exploded perspective view of a
sensor apparatus incorporated in the information
processing apparatus shown in Fig. 1 according to
the second embodiment.

[Fig. 9] A schematic exploded perspective view of a
sensor apparatus incorporated in the information
processing apparatus shown in Fig. 1 according to
the third embodiment.

[Figs. 10] Perspective views of the pressure-sensi-
tive sensors of the first and third embodiments, and
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equivalent circuit diagrams thereof.

[Figs. 11] Diagrams showing a positional relationship
between the touch panel and a lower electrode due
to the deformation of an elastic body of the sensor
apparatus that is caused by a press.

[Fig. 12] A schematic perspective view of the sensor
apparatus according to the third embodiment.

[Fig. 13] A schematic partial cross-sectional view of
an information processing apparatus according to a
fourth embodiment.

[Fig. 14] A schematic partial cross-sectional view of
an information processing apparatus according to a
fifth embodiment.

[Fig. 15] A schematic partial cross-sectional view of
an information processing apparatus according to a
sixth embodiment.

[Figs. 16] Schematic cross-sectional views of the
sensor apparatus and graphs showing a displace-
ment amount detected by the sensor apparatus.
[Fig. 17] A diagram showing a capacitance change
at a time when an input operation is made to the
sensor apparatus.

[Fig. 18] An exploded perspective view of a touch
panel of a sensor apparatus according to the seventh
embodiment.

[Fig. 19] An exploded perspective view of a touch
panel of a sensor apparatus according to the eighth
embodiment.

[Fig. 20] A schematic cross-sectional view of an in-
formation processing apparatus according to a ninth
embodiment.

[Fig. 21] A schematic partial cross-sectional view of
an information processing apparatus according to a
modified example.

[Fig. 22] A schematic cross-sectional view showing
the structure of other capacitive touch panel.

[Figs. 23] Schematic perspective views of a main
portion, showing modified examples of the structure
of the pressure-sensitive sensor constituting the
sensor apparatus.

[Figs. 24] A schematic plan view of an upper elec-
trode constituting the sensor apparatus according to
the seventh embodiment, and a plan view showing
a modified example thereof.

[Figs. 25] Output examples of the sensor apparatus
in a case where an operator is moved smoothly on
the touch panel, according to a tenth embodiment.
[Figs. 26] Output examples of the sensor apparatus
in a case where the operator is not moved smoothly
on the touch panel, according to the tenth embodi-
ment.

[Fig. 27] A flowchart of a program for judging whether
an input operation is an erroneous input or not ac-
cording to the tenth embodiment.

[Figs. 28] Schematic plan views of a touch panel,
showing a conventional image processing method.
[Figs. 29] Schematic plan views of a sensor appara-
tus, showing an image processing method by the
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sensor apparatus according to an eleventh embod-
iment of the present invention.
[Fig. 30] A flowchart of a program of the image
processing shown in Figs. 29.

Best Modes for Carrying Out the Invention
<First embodiment>

[0021] Hereinafter, a first embodiment of the present
invention will be described with reference to the draw-
ings.

[Structure of sensor apparatus]

[0022] Fig. 1is a schematic cross-sectional view of an
information processing apparatus including a sensor ap-
paratus. Fig. 2 is a schematic exploded perspective view
of the information processing apparatus shown in Fig. 1,
in which the illustration of a casing is omitted. Fig. 3 is a
partially enlarged view of Fig. 2, and corresponds to an
exploded perspective view of a touch panel. It should be
noted that in Fig. 2, an electrode structure of the touch
panel is partially omitted for easy understanding of the
figure, and the detailed electrode structure of the touch
panel is shown in Fig. 3.

Fig. 4 is an enlarged view of an area surrounded by the
circle A of Fig. 1. Figs. 5 are diagrams for explaining the
principle of operation of a pressure-sensitive sensor in-
corporated in the information processing apparatus
shown in Fig. 1. Fig. 6 is a diagram showing character-
istics of the pressure-sensitive sensor shown in Figs. 5.
Fig. 7 is a diagram showing an arrangement example of
an FPC (Flexible Printed Circuit) board in the information
processing apparatus. In the figures, for easy under-
standing of the structures, the structures are illustrated
at a scale different from the actual one, and the number
of wires or the like is also different from the actual one in
the illustration.

[0023] AsshowninFigs. 1to4,aninformation process-
ing apparatus 1 includes a top plate 40, a sensor appa-
ratus 100, a liquid crystal panel 30 as a display panel, a
backlight 20 that irradiates the liquid crystal panel 30 with
light, and a casing 10 that accommodates those above.
In the information processing apparatus 1, the top plate
40, the sensor apparatus 100, the liquid crystal panel 30,
and the backlight 20 are arranged in the stated order
when viewed from a user side.

The sensor apparatus 100 includes a touch panel 50 and
a pressure-sensitive sensor 60.

[0024] The top plate 40 is for protecting the surface of
the touch panel 50 located below the top plate 40, but
the structure in which the top plate 40 is omitted may be
possible. For the top plate 40, a transparent glass sub-
strate or film can be used. The surface of the top plate
40 on the side opposite to the side on which the sensor
apparatus 100 is arranged serves as an operator contact
surface 41 with which an input operator such as a finger
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and a stylus comes into direct contact when a user makes
an input operation. Hereinafter, description will be given
while a finger is exemplified as an input operator.
[0025] The top plate 40 and the sensor apparatus 100
are bonded and fixed to each other by a bonding layer
91. The sensor apparatus 100 having a flat rectangular
shape includes the touch panel 50 and a pressure-sen-
sitive sensor 60 having a flat rectangular shape, which
are bonded and fixed to each other.

[0026] The touch panel 50 has an input operation sur-
face 51 located on the operator contact surface 41 side,
and a second surface 52 located on the liquid crystal
panel 30 side opposite thereto. A total of four pressure-
sensitive sensors 60 are arranged one by one at four
corners of a frame portion of the second surface 52 of
the touch panel 50. The touch panel 50 is arranged to be
positioned on the top plate 40 side, and the pressure-
sensitive sensors 60 are arranged to be positioned on
the liquid crystal panel 30 side. The liquid crystal panel
30 is arranged on a back surface side of the touch panel
50. In this embodiment, the operator comes into indirect
contact with the input operation surface 51 via the top
plate 40, and an input operation is made.

[0027] The pressure-sensitive sensor 60 constituting
a part of the sensor apparatus 100 is fixedly arranged on
the casing 10. The pressure-sensitive sensor 60 includes
an elastic body 62, and an upper electrode 61 serving
as a first electrode and a lower electrode 63 serving as
a second electrode, which are arranged so as to inter-
pose the elastic body 62 therebetween. When the oper-
ator contact surface 41 is pressed in a direction perpen-
dicular to the operator contact surface 41 (z-axis direction
in the figures), the elastic body 62 of the pressure-sen-
sitive sensor 60 is deformed so as to be contracted, and
the top plate 40 and the touch panel 50 to which the
pressure-sensitive sensor 60 is bonded and fixed are
moved in the pressing direction at the same time. In this
way, the pressure-sensitive sensor 60 has the structure
in which a thickness thereof is deformed by the press in
the direction perpendicular to the operator contact sur-
face 41 (z-axis direction in the figures). Therefore, the
touch panel 50 is moved so as to come close to the liquid
crystal panel 30 by a displacement of the pressure-sen-
sitive sensor 60 thatis caused by the press with the finger.
In consideration of the movement amount, a gap 95 is
provided between the sensor apparatus 100 and the lig-
uid crystal panel 30.

[0028] Inthis embodiment, when the sensor apparatus
100 is viewed from the second surface 52 side of the
touch panel 50, the pressure-sensitive sensor 60 is struc-
tured so as to protrude more than the second surface 52,
but the pressure-sensitive sensor 60 may be structured
so0 as not to protrude but to have the same height as that
of the second surface 52 or be recessed.

[Touch panel]

[0029] The touch panel 50 is a capacitive input device
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that detects xy coordinates on the input operation surface
51. In the capacitive touch panel 50, by detection of a
part at which a capacitance is locally changed, a position
on the input operation surface of the touch panel, with
which a finger of a user has come into contact, and a
change of this position are detected.

[0030] As shown in Figs. 2 and 3, the touch panel 50
is structured by, for example, sequentially laminating an
X electrode substrate 150 and a Y electrode substrate
250 and bonding them to each other by a bonding layer
93. The X electrode substrate 150 and the Y electrode
substrate 250 each have a rectangular shape, and the Y
electrode substrate 250 has an outer shape smaller than
that of the X electrode substrate 150. An area in which
an X transparent electrode pattern 153 for detection that
is formed on the X electrode substrate 150 anda Y trans-
parent electrode pattern 252 for detection that is formed
ontheY electrode substrate 250 two-dimensionally over-
lap each other becomes an xy-plane coordinate detection
area 80. The pressure-sensitive sensor 60 is arranged
in a circumferential area (frame portion) outside the xy-
plane coordinate detection area 80 of the touch panel
50. In other words, a portion of the X electrode substrate
150 that protrudes from the Y electrode substrate 250
has a frame shape in plan view, and the pressure-sen-
sitive sensor 60 is provided in this protruding portion.
[0031] In Figs. 2 and 3, electrode patterns or the like
formed on the X electrode substrate 150 and the Y elec-
trode substrate 250 are arranged on back surface sides
of the substrates in the figures, and therefore the elec-
trode patterns are indicated by dotted lines.

[0032] The X electrode substrate 150 includes a trans-
parent polyimide substrate 151, the X transparent elec-
trode pattern 153 formed on the substrate 151, the upper
electrodes 61 serving as first electrodes, wires 154 elec-
trically connected to the X transparent electrode pattern
153, and lead wires 155 electrically connected to the up-
per electrodes 61. A PET film substrate, a glass sub-
strate, or the like may be used in addition to the trans-
parent polyimide substrate 151. Inthe X transparent elec-
trode pattern 153, a stripe-shaped ITO (Indium Tin Oxide)
for detection, which is extended in the X-axis direction in
the figures, is formed. Each of the upper electrodes 61
constitutes a part of the pressure-sensitive sensor 60.
The upper electrodes 61 are formed simultaneously with
the X transparent electrode pattern 153, and are formed
of ITO. The upper electrodes 61 are four in total, and
arranged one by one at four corners on the frame of the
rectangular touch panel 50 outside the coordinate detec-
tion area 80. The four upper electrodes 61 are electrically
independent of each other. The wires 154 are wires for
electrically connecting the X transparent electrode pat-
tern 153 and a circuit board (not shown) viaan FPC board
81, and are extended substantially parallel to the X trans-
parent electrode pattern 153 and collectively formed on
one side of the rectangular X electrode substrate 150.
The lead wires 155 are wires for electrically connecting
the upper electrodes 61 and the circuit board (not shown)
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via the FPC board 81. The lead wire 155 is formed such
that one end thereof is connected to the upper electrode
61 and the other end thereof is collected on the same
side on which the wires 154 are collected. The wires 154
and the lead wires 155 are formed by printing of Ag (sil-
ver), for example. It should be noted that the upper elec-
trodes 61 may be formed simultaneously with the wires
154 and the lead wires 155, and may be formed by print-
ing of Ag or the like.

[0033] The electrode substrate 250 includes a trans-
parent polyimide substrate 251, the Y transparent elec-
trode pattern 252 formed on the substrate 251, and wires
254 electrically connected to the Y transparent electrode
pattern 252. A PET film substrate, a glass substrate, or
the like may be used in addition to the transparent poly-
imide substrate 251. The Y transparent electrode pattern
252 is formed by printing of a stripe-shaped ITO (Indium
Tin Oxide) for detection, which is extended in the y-axis
direction in the figures. The wires 254 are wires for elec-
trically connecting the Y transparent electrode pattern
252 and a circuit board (not shown) via an FPC board
82, and are extended substantially parallel to the Y trans-
parent electrode pattern 252 and collectively formed on
one side of the rectangular Y electrode substrate 250.
The wires 254 are formed by printing of Ag (silver), for
example. The circuit board is arranged, for example, on
a surface side of the backlight 20, opposite to the side
on which the liquid crystal panel 30 is arranged.

[0034] Asdescribed above, the touch panel 50 has the
structure in which the electrode patterns for detection are
provided in the biaxial directions orthogonal to each oth-
er. A detection output of each of the X transparent elec-
trode pattern 153 and Y transparent electrode pattern
252 is input to a computing circuit provided on the circuit
board (not shown), and a position in the biaxial space,
that is, xy coordinates are specified. A predetermined
voltage is applied to each of the X transparent electrode
pattern 153 and Y transparent electrode pattern 252, and
electric charge is formed between the X transparent elec-
trode pattern 153 and the Y transparent electrode pattern
252. The electric charge is changed due to the contact
of the finger, and current flowing through each of the X
transparent electrodes and Y transparent electrodes is
changed. By detection of this change, xy coordinates can
be specified and the position of the finger is detected. It
should be noted that when the top plate 40 is not provided,
the input operation surface 51 of the X electrode sub-
strate 150 on which the electrode pattern is not arranged
serves as an operator contact surface, with which the
operator comes into contact, and an input operation is
made.

[Pressure-sensitive sensor]

[0035] AsshowninFigs. 1to4, the pressure-sensitive
sensor 60 includes the elastic body 62 that is formed of
a dielectric material arranged between the touch panel
50 and the casing 10, the upper electrode 61, and the
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lower electrode 63 as the second electrode, the upper
electrode 61 and the lower electrode 63 being arranged
so as to interpose the elastic body 62 therebetween. The
pressure-sensitive sensor 60 further includes a bonding
layer 65 that bonds and fixes the elastic body 62 and the
upper electrode 61, and a bonding layer 64 that bonds
and fixes the elastic body 62 and the lower electrode 63.
In this embodiment, the elastic bodies constituting the
four pressure-sensitive sensors 60 are coupled to each
other to thereby constitute one frame-shaped elastic
body 62, and the four pressure-sensitive sensors 60
share one elastic body 62. Further, the lower electrodes
constituting the four pressure-sensitive sensors 60 are
couples to each other to thereby constitute one frame-
shaped lower electrode 63, and the four pressure-sensi-
tive sensors 60 share one lower electrode 63.

[0036] For the elastic body 62, for example, a material
causing less residual distortion and having a high resto-
ration rate (restoration speed) is used. As materials of
this type, for example, a silicone rubber or a urethane
rubber can be used. It is desirable for the elastic body 62
to have Young’s modulus of 0.001 to 2 MPa and a re-
sponse speed having a recovery time of 400 ms or less.
When Young’s modulus is lower than 0.001 MPa, there
is a fear that a press operation is erroneously detected
when the operator merely comes into direct or indirect
contact with the input operation surface. When Young’s
modulus is higher than 2 MPa, there is a fear that the
operability is degraded because a large pressing force
is required.

When the recovery time is slower than 400 ms, it takes
time to detect the press operation made by the input op-
erator, and it is difficult to detect a press when a quick
input operation is made, which makes operation charac-
teristics degraded or makes it difficult to detect continu-
ous operations such as double click. Further, it is desir-
able for the elastic body 62 to have a compression resid-
ual strain that is about 5% of the initial strain at maximum,
in addition to the Young’s modulus and response speed
described above.

When the compression residual strain is larger than 5%,
the sensitivity of the pressure-sensitive sensor 60 is low-
ered along with the deterioration of the elastic body 62
due to the long-term use. Therefore, when the compres-
sion residual strain is set to about 5% at maximum, it is
possible to obtain a pressure-sensitive sensor 60 capa-
ble of maintaining the sufficient sensitivity after long-term
use, and prevent the operation characteristics from being
degraded.

Here, the Young’s modulus was measured based on a
test method conforming to the JIS (Japanese Industrial
Standards) K6254. The compression residual strain was
measured using a test method conforming to the JIS
K6401 (test method in which compression residual strain
is 50%). Further, the elastic body 62 whose thickness is,
for example, about 0.1 mm to 5 mm can be used in ac-
cordance with the size of the touch panel. For example,
when the touch panel is 5 inches or less, an elastic body
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having a thickness of about 0.1 to 5 mm is used, and
when it is 5 inches or more, an elastic body having a
thickness of about 0.5 mm to 5 mm is used.

[0037] Inthisembodiment, asthe elastic body 62, "PO-
RON" (registered trademark) manufactured by INOAC
CORPORATION is used. Specifically, for example,
SS10, SS24, MS40, MH48, or the like of PORON (reg-
istered trademark) is used. In PORON SS10, Young’s
modulus thereof is 0.01 MPa and a response speed
thereofis 15 ms or less. In PORON SS24, Young’s mod-
ulus thereof is 0.03 MPa and a response speed thereof
is 20 ms or less. In PORON MS40, Young’s modulus
thereof is 0.2 MPa and a response speed thereof is 30
ms or less. In PORON MH48, Young’s modulus thereof
is 1.2 MPa and aresponse speed thereof is 30 ms or less.
[0038] The elastic body 62 only has to be deformed by
about 10%, for example. In a case where an elastic body
62 having a thickness of, for example, 0.5 mm is used,
the deformation only has to be about 50 pm. In this em-
bodiment, the elastic body 62 is provided in a frame
shape (annular shape) in accordance with the frame of
the touch panel 50. The elastic body 62 is provided in a
frame shape, with the result that it is possible to prevent
dust or the like from entering between the touch panel
50 and the casing 10, specifically, the gap 95 between
the touch panel 50 and the liquid crystal panel 30 from
the outside, in the state of the information processing
apparatus 1. In this manner, the frame-shaped elastic
body 62 can be given a sealing function of preventing
the entry of dust from the outside. Therefore, there is no
influence on display characteristics that is caused due to
the entry of dust from the outside.

[0039] As described above, the upper electrodes 61
are formed on the touch panel 50 simultaneously with
the X transparent electrode pattern 153 or wires 154.
Accordingly, it is unnecessary to form the upper elec-
trodes 61 in different steps. In addition, since the upper
electrode 61 constituting a part of the pressure-sensitive
sensor 60, and the X transparent electrode pattern or
wires formed on the touch panel 50 can be formed on
the same substrate, those electrodes and the like can be
collectively wired on the same FPC board 81.

[0040] The lower electrode 63 is formed by, for exam-
ple, printing a conductive paste on the casing 10. For the
lower electrode 63, for example, a silver paste can be
used. The lower electrode 63 is arranged in a frame
shape (annular shape) in accordance with the frame por-
tion of the touch panel 50, as in the case of the elastic
body 62. The lower electrode 63 is electrically connected
to a circuit board (electrically not shown) via a FPC board
83. The lower electrode 63 is shared by the plurality of
pressure-sensitive sensors 60, with the result that the
wiring of the lower electrode 63 can be made simple.
[0041] Here, itis conceived that the lower electrode 63
is also formed on the touch panel 50, for example, on the
Y electrode substrate 250, similarly to the upper elec-
trodes 61. However, as shown in Figs. 11, distances 96
and 97 between the Y electrode substrate 250 and the

10

15

20

25

30

35

40

45

50

55

lower electrode 63 differ due to the presence/absence of
a press, which makes the connection structure compli-
cated. Therefore, in this embodiment, the lower electrode
63 is formed on the casing 10. It should be noted that
Figs. 11 are diagrams showing a positional relationship
between the touch panel corresponding to Fig. 3 and the
lower electrode due to the deformation of the elastic body
of the sensor apparatus that is caused by the press, in
which (a) shows a state before a press, and (b) shows a
state at a time of press.

[Principle of operation of pressure-sensitive sensor]

[0042] Next, the principle of operation of the pressure-
sensitive sensor 60 in this embodiment will be described
with reference to Figs. 5 and 6. In the pressure-sensitive
sensor 60 of this embodiment, a capacitance is changed
in accordance with a pressing force applied with a finger
96 in the lamination direction of the upper electrode 61,
the elastic body 62, and the lower electrode 63 of the
pressure-sensitive sensor 60. As shown in Fig. 5(b),
when a pressing force is applied to the pressure-sensitive
sensor 60 with the finger 96, the elastic body 62 consti-
tuting the pressure-sensitive sensor 60 is distorted such
that a thickness thereof is reduced, and a capacitance
between the upper electrode 61 and the lower electrode
63 is reduced.

[0043] As described above, the pressure-sensitive
function is realized using the capacitance change be-
tween the electrodes 61 and 63 due to the deformation
of the elastic body 62. As shown in Fig. 6, the pressure-
sensitive sensor 60 has linear characteristics in which a
capacitance change rate is substantially proportional to
a pushing force, that is, a pressing force applied to the
pressure-sensitive sensor 60. In this embodiment, a rec-
tangular pulse is applied to the lower electrode 63, a sig-
nal obtained from the upper electrode is input to a com-
puting circuit provided on the circuit board (not shown),
and the capacitance change between the electrodes 61
and 63 can be detected. Then, from the capacitance
change between the electrodes 61 and 63, it is possible
tojudge thataninput determination operation by pressing
the input operation surface 51 has been made.

[0044] The pressing force with respect to the input op-
eration surface 51 based on the capacitance change of
the pressure-sensitive sensor 60 is judged by a judgment
unit (not shown). The judgment unit includes the com-
puting circuit described above and can be structured as
a part of a controller of the information processing appa-
ratus 1. The judgment unit judges the pressing force
based on capacitance changes detected by the pressure-
sensitive sensors 60 arranged at the four corners of the
touch panel 50. As will be described later, the judgment
unit may judge the pressing force based on a combined
value of the capacitance changes of the respective pres-
sure-sensitive sensors 60. Accordingly, it is possible to
highly precisely detect a pressing force without depend-
ing on a press position with respect to the input operation
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surface. In this case, for example, the judgment unit may
judge the pressing force from the combined value of the
capacitance changes, or judge the pressing force from
an average value obtained by dividing the combined val-
ue by the number of pressure-sensitive sensors.

[0045] In the sensor apparatus 100, the finger 96
comes into indirect contact with the input operation sur-
face 51 via the top plate 40, and accordingly the xy-plane
coordinates are detected by the touch panel 50. Then,
the input operation surface 51 is indirectly pressed with
the finger 96 via the top plate 40, and accordingly a press-
ing force applied toward a direction perpendicular to the
xy plane (z-axis direction) is detected by the pressure-
sensitive sensor 60 and an input determination is judged.
As a result, just an indirect contact of the finger 96 with
the input operation surface 51 via the top plate 40 is not
judged as determination, with the result that erroneous
inputs can be reduced. In addition, since the finger 96
can be moved on the input operation surface 51 while
indirectly coming into contact with the input operation sur-
face 51 via the top plate 40, the operability is excellent.
[0046] Fig. 17 shows a capacitance change at a time
of an input operation of the sensor apparatus according
to this embodiment. As shown in Fig. 17, in a state where
a finger does not come close, a capacitance change is
0.0%. When the finger comes close to the input operation
surface, the capacitance change is reduced to about
-5.0%, and when the finger comes into contact with
(touches) the input operation surface, the capacitance
change is reduced abruptly. In a state where the finger
comes into contact with the input operation surface, the
capacitance change is about -27.0%. Then, when a de-
termination operation of pressing the input operation sur-
face with the finger is made, the capacitance change is
increased to about -12 to -14%. From the history of such
capacitance changes, a mere contact is distinguished
from a determination, and a determination can be judged.
It should be noted that the judgment method for determi-
nation is not limited to this. For example, after the move-
ment of the finger stops on the input operation surface,
if a capacitance change is increased with that position
as a reference, it may be judged as a determination.

[Other structure]

[0047] The sensor apparatus 100 in this embodiment
can be used in, for example, portable terminals, and used
as follows. In a case where a numerical keypad is dis-
played on the liquid crystal panel 30 of the information
processing apparatus 1 as in the case of a keyboard of
a personal computer, and an input is made with the finger
96 on the operator contact surface 41, the operation char-
acteristics as described above are given. In this case,
even when the finger 96 is moved without being sepa-
rated from the operator contact surface 41, if a press is
not added with the finger, it is not judged as an input
determination. Therefore, there is not caused an errone-
ous input such as an input determination made by an
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intended key while the finger 96 is brought into contact
with the operator contact surface 41.

[0048] Further, the sensor apparatus 100 can be ap-
plied to a substitution of a mouse operation for giving a
command to the information processing apparatus, for
example, to click and drag of an icon displayed on the
liquid crystal panel. In this case, for example, an icon
intended to be dragged is selected with the input opera-
tor, and the position of the icon is pressed, with the result
that an operation corresponding to a click of a mouse is
performed. Then, the input operator is moved in a state
of coming into contact with the input operation surface
while maintaining the pressed state, with the result that
an operation corresponding to a drag is performed.
[0049] In Fig. 2, the FPC boards 81, 82, and 83 are
connected and arranged so as to be positioned outside
the frame-shaped elastic body 62. However, as shown
in Fig. 7, the FPC boards 81, 82, and 83 (82 and 83 are
not shown in the figure) may be arranged so as to be
positioned inside the frame-shaped elastic body 62 (area
surrounded by the frame). Accordingly, the connection
of the FPC boards 81, 82, and 83 to the respective circuit
boards (not shown) can be made from the inside of the
frame-shaped elastic body 62, with the result that the
sealing effect by the elastic body 62 is further improved.
[0050] Further, a seal may be formed separately from
the elastic body 62. As a seal, an extendable member
such as a frame-shaped sponge that two-dimensionally
surrounds the sensor apparatus 100 can be provided be-
tween the toplate 40 and the casing 10. Accordingly, the
sponge can prevent dust or the like from entering a gap
from the outside more reliably.

[0051] Further, inthis embodiment, the lower electrode
is provided to the casing, but it may be possible to bond
a film on which a lower electrode is formed, to the elastic
body, and bond the film and the casing by a bonding
layer. Hereinafter, description will be given with reference
toFig. 21. The structures different from those in the above
embodiment will be mainly described, the structures that
are the same as those in the above embodiment will be
denoted by the same reference symbols, and description
thereof will be omitted or simplified.

[0052] Fig. 21 is a schematic partial cross-sectional
view of an information processing apparatus 8001 includ-
ing a sensor apparatus. In Fig. 21, the illustration of a
liquid crystal panel and a backlight is omitted.

[0053] The information processing apparatus 8001 in-
cludes a top plate 40, a sensor apparatus 8100, a liquid
crystal panel 30, a backlight, and a casing 10 that ac-
commodates those components. The sensor apparatus
8100 includes a touch panel 50 and a pressure-sensitive
sensor 8060, which are bonded and fixed to each other.
A total of four pressure-sensitive sensors 8060 are ar-
ranged one by one at four corners of a frame portion of
the touch panel 50 having a flat rectangular shape. Each
of the pressure-sensitive sensors 8060 is fixedly ar-
ranged on the casing 10. The pressure-sensitive sensor
8060 includes an elastic body 62, an upper electrode 61
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and a lower electrode 8065 serving as a second elec-
trode, which are arranged so as to interpose the elastic
body 62 therebetween, a bonding layer 65 that bonds
the elastic body 62 and the upper electrodes 61, and a
bonding layer 8064 that bonds the elastic body 62 and
the lower electrode 8065. The lower electrode 8065 is
bonded to the elastic body 62 in a state of being formed
on a transparent film, and the illustration of the transpar-
entfilm is omitted. The shape of the lower electrode 8065
may be formed in a frame shape, or an island shape
corresponding to each of the upper electrodes 61. The
lower electrode 8065 is bonded and fixed to the casing
10 via a bonding layer 8063. In this way, the lower elec-
trode may not be formed on the casing, and as compared
to the case where the lower electrode is provided to the
casing, the connection of the lower electrode and the
circuit board is made easy.

[0054] Further, in addition to the structure shown in
Fig. 21, it may be possible to form the upper electrode
not on the touch panel but on the transparent film, and
bond this upper electrode to the elastic body. In this case,
it is possible to form the touch panel and the pressure-
sensitive sensor separately from each other.

<Second embodiment>

[0055] Next, a second embodiment will be described
with reference toFigs. 1,4, and 8. Inthe firstembodiment,
the elastic body 26 has a frame shape. On the other hand,
this embodimentis largely different in that the elastic bod-
ies are formed in an island shape separately for each of
pressure-sensitive sensors. Hereinafter, the structures
different from those in the first embodiment will be mainly
described, and the structures that are the same as those
in the first embodiment will be denoted by the same ref-
erence symbols and description thereof will be omitted
or simplified.

[0056] Fig. 1is a schematic cross-sectional view of an
information processing apparatus including a sensor ap-
paratus. Fig. 4 is an enlarged view of an area surrounded
by the circle A of Fig. 1. Fig. 8 is a schematic exploded
perspective view of a sensor apparatus incorporated in
the information processing apparatus shown in Fig. 1. In
Fig. 8, the illustration of an electrode pattern or the like
formed on a Y electrode substrate 250 is omitted.
[0057] As shown in Figs. 1, 4, and 8, an information
processing apparatus 1001 with a touch panel according
to asecond embodimentincludes a top plate 40, a sensor
apparatus 1100, a liquid crystal panel 30, a backlight 20,
and a casing 10 that accommodates those above.
[0058] The sensor apparatus 1100 includes a touch
panel 50 and a pressure-sensitive sensor 1060, which
are bonded and fixed to each other. A total of four pres-
sure-sensitive sensors 1060 are arranged one by one at
four corners of a frame portion of a second surface 52 of
the touch panel 50. The pressure-sensitive sensor 1060
constituting a part of the sensor apparatus 1100 is fixedly
arranged on the casing 10. When the sensor apparatus
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1100 is pressed in a direction perpendicular to the oper-
ator contact surface 41 (z-axis direction in the figures),
an elastic body 1062 of the pressure-sensitive sensor
1060 is deformed so as to be contracted, and the top
plate 40 and the touch panel 50 to which the pressure-
sensitive sensor 1060 is bonded and fixed are moved in
the pressing direction at the same time.

[0059] The pressure-sensitive sensor 1060 includes
the elastic body 1062, an upper electrode 61 and a lower
electrode 63 that are arranged so as to interpose the
elastic body 1062 therebetween, a bonding layer 1065
that bonds and fixes the elastic body 1062 and the upper
electrode 61, and a bonding layer 64 that bonds and fixes
the elastic body 1062 and the lower electrode 63. For the
elastic body 1062, a material that is the same as that of
the elastic body 62 in the first embodiment can be used.
Four elastic bodies 1062 are provided correspondingly
to the four first electrodes 61 arranged on the frame por-
tion of the touch panel 50. In addition, the four bonding
layers 1065 that bond the Y electrode substrate 250 and
the elastic bodies 1062 are separately provided corre-
spondingly to the elastic bodies 1062. It should be noted
thatthe bonding layer 1065 is provided for each pressure-
sensitive sensor 60, but as in the first embodiment, the
structure in which the bonding layer 65 is provided in a
frame shape and the four pressure-sensitive sensors 60
share one bonding layer 65 may be possible.

[0060] In this embodiment, since the elastic body is
not provided in a frame shape, along with the movement
of the sensor apparatus 110 in the z-axis direction due
to the press at a time of an input operation, dust or the
like is liable to enter the gap 95. In this case, for example,
an extendable member such as a frame-shaped sponge
that two-dimensionally surrounds the sensor apparatus
1100 may be provided as a seal, for example, between
the toplate 40 and the casing 10. Accordingly, the sponge
can prevent dust or the like from entering the gap from
the outside, and accordingly the display characteristics
are not affected.

<Third embodiment>

[0061] Next, a third embodiment will be described with
reference to Figs. 1, 4, 9, 10, and 12. The third embodi-
ment is largely different from the first and second em-
bodiments in that an electrode structure of a pressure-
sensitive sensor is different. Hereinafter, the structures
different from those in the embodiments described above
will be mainly described, and the structures that are the
same as those in the embodiments described above will
be denoted by the same reference symbols and descrip-
tion thereof will be omitted or simplified.

[0062] Fig. 1is a schematic cross-sectional view of an
information processing apparatus 2001 including a sen-
sor apparatus. Fig. 4 is an enlarged view of an area sur-
rounded by the circle A of Fig. 1. Fig. 9 is a schematic
exploded perspective view of a sensor apparatus 2100
incorporated in the information processing apparatus
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2001 shown in Fig. 1. In Fig. 9, the illustration of an elec-
trode pattern or the like formed ona'Y electrode substrate
250 is omitted. Fig. 10(a) is a perspective view of a pres-
sure-sensitive sensor 60 constituting a part of the sensor
apparatus 100 of the first embodiment and an equivalent
circuit diagram thereof. Fig. 10(b) is a perspective view
of a pressure-sensitive sensor 2060 constituting a part
of the sensor apparatus 2100 of the third embodiment
and an equivalent circuit diagram thereof. Fig. 12 is a
schematic perspective view of the sensor apparatus
2100 according to this embodiment.

[0063] As shown in the figures, the information
processing apparatus 2001 with a touch panel according
to the third embodiment includes a top plate 40, the sen-
sor apparatus 2100, a liquid crystal panel 30, a backlight
20, and a casing 10 that accommodates those above.
[0064] The sensor apparatus 2100 includes a touch
panel 2050 and a pressure-sensitive sensor 2060, which
are bonded and fixed to each other. A total of four pres-
sure-sensitive sensors 2060 are arranged one by one at
four corners of a frame portion of a surface of a touch
panel 2050 on the liquid crystal panel 30 side. The pres-
sure-sensitive sensor 2060 constituting a part of the sen-
sor apparatus 2100 is fixedly arranged on the casing 10.
When the sensor apparatus 2100 is pressed in a direction
perpendicular to the operator contact surface 41 (z-axis
direction in the figures), an elastic body 2062 of the pres-
sure-sensitive sensor 2060 is deformed so as to be con-
tracted, and the top plate 40 and the touch panel 2050
to which the pressure-sensitive sensor 2060 is bonded
and fixed are moved in the pressing direction at the same
time.

[0065] The pressure-sensitive sensor 2060 includes
the elastic body 1062, an upper electrode 2061 serving
as a first electrode, and a lower electrode 2063 serving
as a second electrode, the upper electrode 2061 and the
lower electrode 2063 being arranged so as to interpose
the elasticbody 1062 therebetween. In addition, the pres-
sure-sensitive sensor 2060 includes a bonding layer
1065 that bonds and fixes the elastic body 1062 and the
upper electrode 2061, and a bonding layer 64 that bonds
and fixes the elastic body 1062 and the lower electrode
2063.

[0066] The touch panel 2050 is structured by sequen-
tially laminating an X electrode substrate 2150 and a Y
electrode substrate 250 and bonding them to each other
by a bonding layer 93. An area in which an X transparent
electrode pattern 153 for detection formed on the X elec-
trode substrate 2150 and a Y transparent electrode pat-
tern 252 for detection formed on the Y electrode substrate
250 two-dimensionally overlap each other becomes an
xy-plane coordinate detection area 80. The pressure-
sensitive sensor 2060 is arranged in an area (frame por-
tion) outside the xy-plane coordinate detection area 80
of the touch panel 2050.

[0067] The X electrode substrate 2150 includes a
transparent polyimide substrate 151, the X transparent
electrode pattern 153 formed on the substrate 151, the

10

15

20

25

30

35

40

45

50

55

10

upper electrodes 2061 serving as first electrodes, wires
154 electrically connected to the X transparent electrode
pattern 153, and lead wires 2055 electrically connected
to the upper electrodes 2061. Each of the upper elec-
trodes 2061 constitutes a part of the pressure-sensitive
sensor 60. The upper electrodes 2061 are formed simul-
taneously with the X transparent electrode pattern 153,
and are formed of ITO. Each of the upper electrodes 2061
is constituted of a first upper electrode portion 2061a and
a second upper electrode portion 2061b that are electri-
cally independent of each other, and the upper electrode
2061 is provided for each of the pressure-sensitive sen-
sors 2060. The lead wires 2055 are wires for electrically
connecting the upper electrodes 2061 and a circuit board
(not shown) via a FPC board 81, and are collectively
formed on the same side on which the wires 154 are
collected. The wires 154 and the lead wires 2055 are
formed by printing of Ag (silver), for example.

[0068] In this embodiment, the lower electrode 2063
arranged on the casing 10 is in a floating state.

[0069] AsshowninFig.10(a), inthe pressure-sensitive
sensor 60 in the first embodiment, a capacitance of the
elastic body is detected from a potential difference be-
tween the upper electrode 61 and the lower electrode
63. On the other hand, the pressure-sensitive sensor
2060 in this embodiment includes the upper electrode
2061 and the lower electrode 2063, and the upper elec-
trode 2061 is constituted of the first upper electrode por-
tion 2061a and the second upper electrode portion 2061b
that are electrically independent of each other. The first
upper electrode portion 2061a and the second upper
electrode portion 2061b are each opposed to the lower
electrode 2063 with the elastic body 1062 being inter-
posed therebetween. Accordingly, as shown in Fig. 10
(b), a capacitance of the elastic body 2062 can be de-
tected from the first upper electrode portion 2061a and
the second upper electrode portion 2061b. Accordingly,
the electrodes for detecting a capacitance of the elastic
body can be formed on the same substrate and can be
collectively connected to the circuit board via the same
wiring substrate, with the result that the wiring structure
can be simplified.

<Fourth embodiment>

[0070] Next, a fourth embodiment will be described
with reference to Fig. 13. In the third embodiment, the
lower electrode is arranged on the casing 10 and is set
as a floating potential. On the other hand, in the fourth
embodiment, a first shield electrode is provided on the
casing 10, and a dielectric layer is provided between the
first shield electrode and the lower electrode. Hereinafter,
the structures different from those in the third embodi-
ment will be mainly described, and the structures that are
the same as those in the embodiments described above
will be denoted by the same reference symbols and de-
scription thereof will be omitted or simplified.

[0071] Fig. 13 is a schematic partial cross-sectional
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view of an information processing apparatus including a
sensor apparatus. In Fig. 13, the illustration of a liquid
crystal panel, a backlight, and a casing is omitted.
[0072] AsshowninFig. 13, the information processing
apparatus according to the third embodiment includes a
top plate 40, a sensor apparatus 3100, A liquid crystal
panel as a display panel, a backlight 20, and a casing
that accommodates those above.

[0073] The sensor apparatus 3100 includes a touch
panel 2050 and a pressure-sensitive sensor 3060, which
are bonded and fixed to each other. The pressure-sen-
sitive sensor 3060 includes an elastic body 1062, an up-
per electrode 2061 serving as a first electrode, and a
lower electrode 3063 serving as a second electrode, the
upper electrode 2061 and the lower electrode 3063 being
arranged so as to interpose the elastic body 1062 ther-
ebetween. The lower electrode 3063 is formed by printing
on a transparent film (not shown), for example, and is
fixed to the elastic body 1062 via a bonding layer 64.
[0074] On the casing, a first shield electrode 3001
formed of a conductor layer such as a copper foil is
formed and arranged in a frame shape. In addition, on
the first shield electrode 3001, a first dielectric layer 3002
is arranged in a frame shape. The first shield electrode
3001 and the first dielectric layer 3002, and the first die-
lectric layer 3002 and the lower electrode 3063 are bond-
ed and fixed to each other by respective bonding layers
(notshown). Thefirstdielectric layer 3002 has a dielectric
constant of €2, which is smaller than a dielectric constant
€1 of the elastic body 1062. In this embodiment, the first
dielectric layer 3002 is formed of the same material as
that of the elastic body 1062, and has a porous form so
as to reduce an effective dielectric constant thereof. The
first shield electrode 3001 is connected to a ground po-
tential.

[0075] Inthisembodiment, the pressure-sensitive sen-
sor 3060 is constituted of the elastic body 1062, the upper
electrode 2061, and the lower electrode 3063, the upper
electrode 2061 and the lower electrode 3063 being ar-
ranged so as to interpose the elastic body 1062 there-
between. The upper electrode 2061 is constituted of a
first upper electrode portion 2061a and a second upper
electrode portion 2061b that are electrically independent
of each other. In addition, the lower electrode 3063 is set
in a floating state, with the result that a capacitance can
be detected by the first upper electrode portion 2061a
and the second upper electrode portion 2061b. Then, in
this embodiment, the first dielectric layer 3002 having a
lower dielectric constant than that of the elastic body
1062, and the first shield electrode 3001 are provided,
with the result that the lower electrode 3063 can be kept
in a stable floating state without being affected from the
outside. Further, since the dielectric constant €2 of the
first dielectric layer 3002 is smaller than the dielectric
constant €1 of the elastic body 1062, a capacitance be-
tween the lower electrode 3063 and the first shield elec-
trode 3001 can be made low, and the influence on the
sensitivity of the pressure-sensitive sensor 3060 can be
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minimized.
<Fifth embodiment>

[0076] Next, a fifth embodiment will be described with
reference to Fig. 14. In the fifth embodiment, in addition
to the structure of the fourth embodiment, a second shield
electrode and a second dielectric layer that correspond
toan upper electrode are provided. Hereinafter, the struc-
tures different from those in the fourth embodiment will
be mainly described, and the structures that are the same
as those in the embodiments described above will be
denoted by the same reference symbols and description
thereof will be omitted or simplified.

[0077] Fig. 14 is a schematic partial cross-sectional
view of an information processing apparatus including a
sensor apparatus. In Fig. 14, the illustration of a liquid
crystal panel, a backlight, and a casing is omitted.
[0078] AsshowninFig. 14, the information processing
apparatus according to the fifth embodiment includes a
top plate 40, a sensor apparatus 4100, a liquid crystal
panel, a backlight, and a casing that accommodates
those above. The sensor apparatus 4100 includes a
touch panel 2050 and a pressure-sensitive sensor 3060,
which are bonded and fixed to each other. A bonding
layer 4091 that bonds the top plate 40 and the sensor
apparatus 4100 is provided in a range smaller than the
outer shape of the sensor apparatus 4100. In an area
between the top plate 40 and the sensor apparatus 4100,
in which the bonding layer 4091 is not provided, a second
shield electrode 4001 and a second dielectric layer 4002
are provided correspondingly to the upper electrode
2061. The second shield electrode 4001 is formed of a
conductor layer such as a copper foil, and is arranged
on a surface opposite to the input operation surface of
the top plate 40. The second dielectric layer 4002 is pro-
vided between the sensor apparatus 4100 and the sec-
ond shield electrode 4001. The second dielectric layer
4002 has a dielectric constant €3, which is also smaller
than the dielectric constant €1 of the elastic body 1062.
In this embodiment, the second dielectric layer 4002 is
constituted of the same material as that of the elastic
body 1062, and has a porous form so as to reduce an
effective dielectric constant thereof.

[0079] As described above, in this embodiment, the
second dielectric layer 4002 and the second shield elec-
trode 4001 are provided correspondingly to the upper
electrode 2061, with the result that an erroneous detec-
tion of the pressure-sensitive sensor 3060 due to elec-
tromagnetic noises can be prevented. Further, the die-
lectric constant €3 of the second dielectric layer 4002 is
made smaller than the dielectric constante1 of the elastic
body 1062, with the result that a capacitance change
caused by a press can be detected by the pressure-sen-
sitive sensor 3060, without being affected by the capac-
itance change of the upper electrode, which is cased
when afinger comes into contact with the touch panel 50.
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<Sixth embodiment>

[0080] Next, asixth embodiment will be described with
reference to Fig. 15. As compared to the fifth embodi-
ment, the sixth embodiment has in common that the first
shield electrode and the first dielectric layer are provided
correspondingly to the lower electrode, and that the sec-
ond shield electrode and the second dielectric layer are
provided correspondingly to the upper electrode. How-
ever, the sixth embodiment is different from the fifth em-
bodiment in the arrangement of the second shield elec-
trode, the second dielectric layer, and the first electrode.
Hereinafter, the structures different from those in the fifth
embodiment will be mainly described, and the structures
that are the same as those in the embodiments described
above will be denoted by the same reference symbols
and description thereof will be omitted or simplified.
[0081] Fig. 15 is a schematic partial cross-sectional
view of an information processing apparatus including a
sensor apparatus. In Fig. 15, the illustration of a liquid
crystal panel, a backlight, and a casing is omitted.
[0082] Asshownin Fig. 15, the information processing
apparatus according to the sixth embodiment includes a
top plate 40, a sensor apparatus 5100, a liquid crystal
panel, a backlight, and a casing that accommodates
those above. The sensor apparatus 5100 includes a
touch panel 5050 and a pressure-sensitive sensor 5060,
which are bonded and fixed to each other. The pressure-
sensitive sensor 5060 includes an elastic body 1062, an
upper electrode 5061 serving as a first electrode, and a
lower electrode 3063 serving as a second electrode, the
upper electrode 5061 and the lower electrode 3063 being
arranged so as to interpose the elastic body 1062 ther-
ebetween. In addition, the pressure-sensitive sensor
5060 includes a bonding layer 65 that bonds and fixes
the elastic body 1062 and the upper electrode 5061, and
a bonding layer 64 that bonds and fixes the elastic body
1062 and the lower electrode 3063. The upper electrodes
5061 is constituted of a first upper electrode 5061a and
a second upper electrode 5061b that are electrically in-
dependent of each other, and the principle of operation
of the pressure-sensitive sensor according to this em-
bodiment is the same as that in the third embodiment.
[0083] An X electrode substrate 5150 and a Y elec-
trode substrate 5250 each have an outer shape having
substantially the same size. The X electrode substrate
5150 and the Y electrode substrate 5250 are bonded and
fixed to each other by a bonding layer 5093 provided in
an area smaller than the outer shapes of those sub-
strates. The X electrode substrate 5150 has the structure
obtained by removing the upper electrode 2061 of the X
electrode substrate 2150 shown in the third embodiment
and adding a second shield electrode 5001 correspond-
ing to the pressure-sensitive sensor 5060. The Y elec-
trode substrate 5250 has the structure obtained by ar-
ranging an upper electrode 5061 simultaneously formed
with the Y transparent electrode pattern, on the Y elec-
trode substrate 250 shown in the first embodiment. A
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pattern shape of the upper electrode 5061 is the same
as that of the upper electrode 2061 shown in the third
embodiment. In an area between the X electrode sub-
strate 5150 and the Y electrode substrate 5250, in which
the bonding layer 5093 is not provided, the second shield
electrode 5001 and the second dielectric layer 5002 cor-
responding to the upper electrode 5061 are provided.
The second shield electrode 5001 is formed simultane-
ously with the X transparent electrode pattern provided
on the X electrode substrate 5150. The second dielectric
layer 5002 is provided between the second shield elec-
trode 5001 and the Y electrode substrate 5250. The sec-
ond dielectric layer 5002 also has a dielectric constant
€3, which is smaller than the dielectric constant €1 of the
elastic body 1062. The second dielectric layer 5002 has
a porous form so as to reduce an effective dielectric con-
stant thereof.

[0084] As described above, the upper electrode of the
pressure-sensitive sensor may be provided to the Y elec-
trode substrate of the touch panel. Further, the second
shield electrode corresponding to the upper electrode
may be provided to the X electrode substrate of the touch
panel. Accordingly, a capacitance change caused by a
press can be detected by the pressure-sensitive sensor
5060, without being affected by the capacitance change
of the upper electrode, which is cased when the touch
panel 5050 is touched.

[0085] In the embodiments described above, an input
judgment is performed using the pressure-sensitive sen-
sors. In a case where a plurality of pressure-sensitive
sensors are used in this input judgment, a pressing force
can be judged by combining capacitance changes de-
tected by the respective pressure-sensitive sensors.
Hereinafter, description is given with reference to Figs.
16.

[0086] Figs. 16 are schematic cross-sectional views of
a sensor apparatus and graphs showing a displacement
amount. In Figs. 16, the pressure-sensitive sensors 60
are provided one by one at both opposed end portions
of the operator contact surface 41, and the operator con-
tact surface 41 is pressed by the same force while an
input point is changed. In the graphs, the horizontal axis
represents a time, and the vertical axis represents a ca-
pacitance. In the figures, capacitances detected by the
two pressure-sensitive sensors 60 and a combination of
those capacitances are graphed.

[0087] Fig. 16(a) shows a case where the center por-
tion of the operator contact surface 41 is pressed with a
finger. In the graph, out of three line graphs, a line graph
having the highest peak is a graph formed by combining
capacitances detected by the two pressure-sensitive
sensors 60. Out of the three line graphs, a line graph
having the second highest peak is a graph formed based
on a capacitance detected by the pressure-sensitive sen-
sor 60 positioned on the left side. Out of the three line
graphs, a line graph having the lowest peak is a graph
formed based on a capacitance detected by the pres-
sure-sensitive sensor 60 positioned on the right side.
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[0088] Fig. 16(b) shows a case where the left side from
the center portion of the operator contact surface 41 is
pressed with a finger. In the graph, out of three line
graphs, a line graph having the highest peak is a graph
formed by combining capacitances detected by the two
pressure-sensitive sensors 60. Out of the three line
graphs, a line graph having the second highest peak is
a graph formed based on a capacitance detected by the
pressure-sensitive sensor 60 positioned on the left side.
Outofthe three line graphs, aline graph having the lowest
peak is a graph formed based on a capacitance detected
by the pressure-sensitive sensor 60 positioned on the
right side.

[0089] Fig. 16(c) shows a case where the right side
from the center portion of the operator contact surface
41 is pressed with a finger. In the graph, out of three line
graphs, a line graph having the highest peak is a graph
formed by combining capacitances detected by the two
pressure-sensitive sensors 60. Out of the three line
graphs, a line graph having the second highest peak is
a graph formed based on a capacitance detected by the
pressure-sensitive sensor 60 positioned on the right side.
Outofthethree line graphs, aline graph having the lowest
peak is a graph formed based on a capacitance detected
by the pressure-sensitive sensor 60 positioned on the
left side.

[0090] As found from the graphs shown in the figures,
the graphs of a combined value of capacitances detected
by the two pressure-sensitive sensors each have sub-
stantially the same form in each of the figures. Specifi-
cally, capacitances different between the pressure-sen-
sitive sensors are detected depending on an input posi-
tion, but a combined value thereof is substantially pro-
portional to the pressing force. The pressure-sensitive
sensor in this embodiment is not used for position detec-
tion of xy coordinates, and merely detects a pressing
force. Therefore, it is unnecessary to see a capacitance
change for each pressure-sensitive sensor. Accordingly,
in a case where a plurality of pressure-sensitive sensors
are provided to the sensor apparatus, capacitances de-
tected by the respective pressure-sensitive sensors are
combined, and an input judgment can be performed
based on the combined value. Alternatively, based on an
average value obtained by dividing the combined value
of the capacitances detected by the respective pressure-
sensitive sensors, by the number of pressure-sensitive
sensors, the input judgment can be performed.

[0091] In the embodiments described above, the
number of pressure-sensitive sensors is set to be four,
but it is not limited to this and may be one or more.

<Seventh embodiment>

[0092] Next, a seventh embodiment will be described
with reference to Figs. 1 and 18. The seventh embodi-
ment is different from the first embodiment in that an up-
per electrode has a frame shape and along with this, one
pressure-sensitive sensor is formed. Hereinafter, the

10

15

20

25

30

35

40

45

50

55

13

structures different from those in the first embodiment
will be mainly described, and the structures that are the
same as those in the first embodiment will be denoted
by the same reference symbols and description thereof
will be omitted or simplified. Further, the illustration of the
structures that are the same as those in the first embod-
iment will be omitted.

[0093] Fig. 1is a schematic cross-sectional view of an
information processing apparatus including a sensor ap-
paratus. Fig. 18 is an exploded perspective view of a
touch panel of a sensor apparatus according to this em-
bodiment.

[0094] As shown in Fig. 1, an information processing
apparatus 6001 according to the seventh embodiment
includes a top plate 40, a sensor apparatus 6100, a liquid
crystal panel 30, a backlight 20, and a casing 10 that
accommodates those above. The sensor apparatus
6100 includes a touch panel 6050 and a pressure-sen-
sitive sensor 6060, which are bonded and fixed to each
other. The single pressure-sensitive sensor 6060 is ar-
ranged in a frame shape in accordance with a frame por-
tion of the touch panel 6050 having a flat rectangular
shape. The pressure-sensitive sensor 6060 constituting
a part of the sensor apparatus 6100 is fixedly arranged
on the casing 10.

[0095] The pressure-sensitive sensor 6060 includes
an elastic body 62, an upper electrode 6061 and a lower
electrode 63 that each have a frame shape (annular
shape) and are arranged so as to interpose the elastic
body 62 therebetween, a bonding layer that bonds and
fixes the elastic body 62 and the upper electrodes 6061,
and a bonding layer that bonds and fixes the elastic body
62 and the lower electrode 63. In this embodiment, the
pressure-sensitive sensor 6060 is formed by laminating
the upper electrode 6061, the elastic body 62, and the
lower electrode 63 each having a flat frame shape.
[0096] The touch panel 6050 is structured by sequen-
tially laminating an X electrode substrate 6150 and a Y
electrode substrate 250 and bonding them to each other
by a bonding layer 93. The pressure-sensitive sensor
6060 is arranged in an area (frame portion) outside an
xy-plane coordinate detection area 80 of the touch panel
6050. The X electrode substrate 6150 includes a trans-
parent polyimide substrate 151, an X transparent elec-
trode pattern 153 formed on the substrate 151, the upper
electrode 6061 having a frame shape, wires 154 electri-
cally connected to the X transparent electrode pattern
153, and lead wires 6155 electrically connected to the
upper electrode 6061. The upper electrode 6061 may be
formed simultaneously with the X transparent electrode
pattern, and formed of ITO, a silver paste, or the like, and
only has to be provided so as to be electrically isolated
from the wires 154.

[0097] Asdescribed above, a capacitance detected by
the single pressure-sensitive sensor 6060 is substantially
proportional to the pressing force at any input operation
position. Therefore, based on an output value of the pres-
sure-sensitive sensor 6060, a pressing force that is input
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to the touch panel 6050 can be detected with high pre-
cision. In addition, the variations in detection sensitivity,
which are caused by the deformation of the top plate 40
at a time of press, can be eliminated, and a sensor ap-
paratus with excellent input sensitivity can be obtained.
Further, with a frame-shaped pressure-sensitive sensor
6060, a sealing effect of preventing dust or the like from
entering between the touch panel and the casing from
the outside can be improved.

<Eighth embodiment>

[0098] Next, an eighth embodiment will be described
with reference to Figs. 1 and 19. The eighth embodiment
is different from the first embodiment in that four upper
electrodes are electrically connected. Hereinafter, the
structures different from those in the first embodiment
will be mainly described, and the structures that are the
same as those in the first embodiment will be denoted
by the same reference symbols and description thereof
will be omitted or simplified. Further, the illustration of the
structures that are the same as those in the first embod-
iment will be omitted.

[0099] Fig. 1is a schematic cross-sectional view of an
information processing apparatus including a sensor ap-
paratus. Fig. 19 is an exploded perspective view of a
touch panel of a sensor apparatus according to this em-
bodiment.

[0100] As shown in Fig. 1, an information processing
apparatus 7001 according to the eighth embodiment in-
cludes a top plate 40, a sensor apparatus 7100, a liquid
crystal panel 30, a backlight 20, and a casing 10 that
accommodates those above. The sensor apparatus
7100 includes a touch panel 7050 and a pressure-sen-
sitive sensor 7060, which are bonded and fixed to each
other. The pressure-sensitive sensor 7060 constituting
a part of the sensor apparatus 7100 is fixedly arranged
on the casing 10. The pressure-sensitive sensor 7060
includes an elastic body 62, an upper electrode 7061
serving as a first electrode and a lower electrode 63, the
upper electrode 7061 and the lower electrode 63 being
arranged so as to interpose the elastic body 62 therebe-
tween, a bonding layer that bonds and fixes the elastic
body 62 and the upper electrode 6061, and a bonding
layer that bonds and fixes the elastic body 62 and the
lower electrode 63. In this embodiment, since a plurality
of upper electrodes 7061 are connected in series, it is
assumed that one pressure-sensitive sensor is provided
in the sensor apparatus 7100 as a whole.

[0101] The touch panel 7050 is structured by sequen-
tially laminating an X electrode substrate 7150 and a Y
electrode substrate 250 and bonding them to each other
by a bonding layer 93. The pressure-sensitive sensor
7060 is arranged in an area (frame portion) outside an
xy-plane coordinate detection area 80 of the touch panel
7050. The X electrode substrate 7150 includes a trans-
parent polyimide substrate 151, an X transparent elec-
trode pattern 153 formed on the substrate 151, the four
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upper electrodes 7061, wires 154 electrically connected
tothe Xtransparent electrode pattern 153, and lead wires
7155 electrically connected to the upper electrodes 7061
to each other. The upper electrodes 7061 and the lead
wires 7155 may be formed simultaneously with the X
transparent electrode pattern and formed of ITO, a silver
paste, or the like.

[0102] As described above, a combined value of ca-
pacitances detected by the plurality of pressure-sensitive
sensors is substantially proportional to the pressing force
at any input operation position. Therefore, as in this em-
bodiment, the structure in which the plurality of upper
electrodes 7061 are connected in series to thereby obtain
one pressure-sensitive sensor may be possible. Accord-
ingly, in this embodiment, it is possible to reduce the
number of lead wires connected to the upper electrodes
and simplify the wiring structure, as compared to the first
embodiment.

<Ninth embodiment>

[0103] Next, a ninthembodiment will be described with
reference to Fig. 20. In the first embodiment, when the
input operation surface is pressed, the pressure-sensi-
tive sensor is deformed so as to be contracted. On the
other hand, in the ninth embodiment, it may be possible
to structure the elastic body of the pressure-sensitive
sensor so as to be extended when the input operation
surface is pressed.

[0104] Fig. 20 is a schematic cross-sectional view of
an information processing apparatus including a sensor
apparatus. The structures that are the same as those in
the first embodiment will be denoted by the same refer-
ence symbols, and description thereof will be omitted or
simplified.

[0105] As shown in Fig. 20, an information processing
apparatus 9001 with a touch panel includes a top plate
40, a sensor apparatus 9100, a liquid crystal panel 30, a
backlight 20, and a casing 9010 that accommodates
those above. The sensor apparatus 9100 includes a
touch panel 9050 and a pressure-sensitive sensor 9060.
[0106] The top plate 40 and the sensor apparatus 9100
are bonded and fixed by a bonding layer. The pressure-
sensitive sensor 9060 is structured by arranging an upper
electrode and a lower electrode such that an elastic body
isinterposed therebetween, similarly to the embodiments
described above. The upper electrode and the lower
electrode are not formed on the touch panel, and are
formed in different steps. The upper electrode is bonded
and fixed to the casing, and the lower electrode is bonded
and fixed to the touch panel 9050.

[0107] The sensor apparatus 9100 includes the touch
panel 9050 and the pressure-sensitive sensor 9060,
which are bonded and fixed to each other. The pressure-
sensitive sensor 9060 is arranged in a frame portion of
asurface ofthe touch panel 9050 having a flat rectangular
shape on the toplate side. The pressure-sensitive sensor
9060 is fixedly arranged on the casing 9010. When an
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input operation surface 51 is pressed with a finger in a
direction perpendicular thereto (z-axis direction in the fig-
ure), an elastic body of the pressure-sensitive sensor
2060 is extended, and the touch panel 2050 to which the
pressure-sensitive sensor 2060 is bonded and fixed is
moved in the pressing direction at the same time. In this
way, the pressure-sensitive sensor 2060 has the struc-
ture in which a thickness thereof is deformed by the press
in the direction perpendicular to the input operation sur-
face 51 (z-axis direction in the figure). Therefore, the
touch panel 2050 is moved so as to come close to the
liquid crystal panel 30 by a displacement of the pressure-
sensitive sensor 2060 that is caused by the press with
the finger. In consideration of the movement amount, a
gap 95 is provided between the sensor apparatus 100
and the liquid crystal panel 30. In this way, the elastic
body constituting the pressure-sensitive sensor 2060
may be extended by the press.

[0108] In the embodiments described above, as a ca-
pacitive touch panel, one having the structure in which
the X electrode substrate and the Y electrode substrate
are bonded to each other is used, but the touch panel is
not limited thereto and one having the well-known struc-
ture can be used. For example, like a capacitive touch
panel 6050 shown in Fig. 22, it is possible to use one in
which an X transparent electrode pattern 6153 and wires
6154 are provided on one surface of a substrate 6150,
and a Y transparent electrode pattern 6253 and wires
6254 are provided on the other surface. Further, in the
embodiments described above, as a touch panel, a ca-
pacitive one is adopted, but the touch panel is not limited
thereto and a well-known touch panel can be used. For
example, a touch panel of an optical system, a surface
acoustic wave system, a resistive system, an ultrasonic
wave system, or the like may be used.

[0109] Inthe embodiments described above, the width
ofthe upper electrode and the lower electrode is desirably
made larger than that of the elastic body in consideration
of a positional deviation caused when those electrodes
and the elastic body are bonded. Accordingly, even when
a positional deviation is caused at a time of bonding, it
is possible to arrange the elastic body so as to be posi-
tioned in an area in which the upper electrode and the
lower electrode are formed when viewed two-dimension-
ally, and to obtain a pressure-sensitive sensor with a sta-
ble quality and without variation of sensor characteristics.
[0110] In the embodiments described above, the top
plate and the touch panel are directly bonded and fixed
to each other, the touch panel and the pressure-sensitive
sensor are bonded and fixed to each other, and the pres-
sure-sensitive sensor is bonded and fixed to the casing.
However, the touch panel and the pressure-sensitive
sensor may not be directly fixed to each other, and may
be directly fixed to the top plate independently of each
other. For example, the touch panel may be bonded to
a surface opposite to an operator contact surface of the
top plate, and in addition, the pressure-sensitive sensor
may be bonded to a frame portion of the top plate so as
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not to overlap the touch panel. In the pressure-sensitive
sensor, for example, the upper electrode side is bonded
and fixed to the top plate, and the lower electrode side
is bonded and fixed to the casing. Accordingly, the pres-
sure-sensitive sensor is indirectly fixed to the touch panel
via the top plate. Also in such a structure, when the input
operation surface is pressed, the pressure-sensitive sen-
sor can detect a pressing force by contraction or exten-
sion of the elastic body, and can also detect xy-plane
coordinates by the touch panel.

[Comparative example]

[0111] In the present invention, as a pressure-sensi-
tive sensor, one having the structure in which an elastic
body is interposed by a pair of electrodes is used and an
input determination is judged using a change in capaci-
tance due to a press. Since a capacitance and a pressing
force are substantially proportional to each other, an input
judgment is easy to be controlled. Here, it is compared
with a pressure-sensitive sensor in which a pair of elec-
trodes is provided so as to interpose a pressure-sensitive
conductive sheet formed of an insulating polymer such
as silicone in which conductive particles are dispersed.
In the pressure-sensitive sensor using such a pressure-
sensitive conductive sheet, it is possible to judge the
presence/absence of a press by using a resistance
change due to a pressing force. However, resistance and
a pressing force are not proportional to each other, and
a high resistance value is shown when a press is slightly
added. Therefore, in the pressure-sensitive sensor using
the pressure-sensitive conductive sheet, an input judg-
ment by a press is difficult to be controlled. In contrast to
this, in the pressure-sensitive sensor used in the present
invention, since a capacitance and a pressing force are
substantially proportional to each other, an input judg-
ment by a press is easy to be controlled. Further, since
organic substances are used in the pressure-sensitive
conductive sheet, the pressure-sensitive conductive
sheet is liable to deteriorate due to temporal change and
has a narrow usable range of temperature, which makes
it difficult to maintain stable characteristics.

[0112] It should be noted that the present invention is
not limited to the embodiments described above, and can
be variously modified based on the technical idea of the
present invention.

[0113] Forexample, the capacitive touch panel is used
as a touch panel in the embodiments described above,
but instead of this, a touch panel of other detection sys-
tem such as a resistive system and a surface acoustic
wave system may be adopted.

[0114] Further, the arrangement relationship between
thefirstelectrode (upper electrode), the second electrode
(lower electrode), and the elastic body that constitute the
pressure-sensitive sensor is not limited to the above ex-
amples. In other words, in the embodiments described
above, as shown in Fig. 23(A), the example in which the
elastic body 62 is arranged between the upper electrode
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61 and the lower electrode 63 such that the entire elec-
trode surfaces of the upper electrode 61 and lower elec-
trode 63 are opposed to the elastic body 62 has been
described, though not limited to this. As shown in Fig. 23
(B), the elastic body 62 may be arranged between the
upper electrode 61 and the lower electrode 63 such that
a part of each electrode surface of the upper electrode
61 and the lower electrode 63 is opposed to the elastic
body 62. Alternatively, as shown in Fig. 23(C), the elec-
trode surface may not be opposed to the elastic body 62.
Other dielectric body other than the elastic body 62, or
air (layer) can be interposed between the electrodes 61
and 63.

[0115] Further, in the seventh embodiment described
above, the example in which the upper electrode 6061
as a first electrode is formed in an annular shape has
been described.

The "annular shape" used herein includes a continuous
annular shape as shown in Fig. 24(A), and a noncontin-
uous annular shape partially having a notch portion
6061c as shown in Fig. 24(B). The "annular shape" de-
scribed above has the same meaning for the elastic body
and the second electrode (lower electrode) that consti-
tute the pressure-sensitive sensor.

<Tenth embodiment>

[0116] Next, output examples obtained from the touch
panel 2050 and the pressure-sensitive sensor 2060 that
constitute the sensor apparatus 2100 described in the
third embodiment are shown in Figs. 25 and 26.

[0117] Fig. 25(d) and Fig. 26(d) are schematic plan
views of the sensor apparatus 2100. In the sensor appa-
ratus 2100, a total of four pressure-sensitive sensors
2060a to 2060d are arranged one by one at four corners
of the touch panel 2050. In Fig. 25(d) and Fig. 26(d), a
state of an input determination, that is, an operator in a
pressed state being moved from a position 300 to a po-
sition 301 (in the figures, the state of moving from the
right to the left) is shown. Fig. 25(a), Fig. 25(b), Fig. 26
(a), and Fig. 26(b) three-dimensionally show outputs ob-
tained from the touch panel 2050 and the pressure-sen-
sitive sensor 2060, each plane constituted of the hori-
zontal axis and vertical axis corresponds to the XY plane
screen of the touch panel 2050, and a height axis shows
the magnitude of an output. Fig. 25(a) and Fig. 26(a) are
output diagrams at a time when the operator is put at the
position 300. Fig. 25(b) and Fig. 26(b) are output dia-
grams at a time when the operator is put at the position
301. Fig. 25(c) and Fig. 26(c) are diagrams showing tem-
poral change of output values of the four pressure-sen-
sitive sensors 2060a to 2060d, in which the vertical axis
represents an output, and the horizontal axis represents
a time. In each of Fig. 25(c) and Fig. 26(c), a solid line 1
represents an output of the pressure-sensitive sensor
2060a, a long dashed line 2 represents an output of the
pressure-sensitive sensor 2060b, a short dashed line 3
represents an output of the pressure-sensitive sensor
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2060c, and an alternate long and short dashed line 4
represents an output of the pressure-sensitive sensor
2060d.

[0118] Figs. 25 show a case where the operator is
moved smoothly on the touch panel 2050. Figs. 26 show
a case where the operator is not moved smoothly on the
touch panel. For example, Figs. 26 show a case where
an input is made with a nondominant hand. In a case
where an input is made with a nondominant hand, the
operator cannot be moved smoothly on the touch panel
2050, and there may be a case where a moving speed
of the operator or the way a force is applied does not
become constant. Further, for example, when an input
is not made while the sensor apparatus 2100 is placed
at a fixed position such as a desk but an input is made
with the sensor apparatus 2100 in hand, it is also difficult
to move the operator smoothly, and there may be a case
where a moving speed of the operator or the way a force
is applied does not become constant. In a case where
the operator is moved smoothly, as shown in Fig. 25(c),
the temporal change of the outputs from the respective
pressure-sensitive sensors 2060a to 2060d is less varied
and stable. In contrast to this, in the case where the op-
erator is not moved smoothly, as shown in Fig. 26(c),
variation in temporal change of the outputs from the re-
spective pressure-sensitive sensors 2060a to 2060d is
large. Therefore, it is difficult to correctly judge whether
aninputoperation made with the operatoris an erroneous
input or a correct input, which is not an erroneous input
but just an output variation largely detected due to some
sort of cause, for example, a cause such as an input
made with the sensor apparatus 2100 in hand as de-
scribed above.

[0119] In this regard, in this embodiment, a program
for judging, in the case where the operator is not moved
smoothly, whether an input operation thereof is an erro-
neous input or not is incorporated in the computing circuit
(judgment unit) provided on the circuit board. Fig. 27
shows a processing flow thereof.

[0120] As shownin Fig. 27, in Step 1 (S1), it is judged
whether the operator is being moved on the touch panel
2050, from xy coordinates output results detected from
the touch panel 2050.

[0121] When itis judged in S1 that the operator is not
being moved, pressure data as output results from the
pressure-sensitive sensor 2060 (2060a to 2060d) is
adopted in Step 2 (S2), and based on the pressure data,
it is judged whether an input determination has been
made by a press of the operator.

[0122] On the other hand, it is judged in S1 that the
operator is being moved, in Step 3 (S3), it is judged
whether a variation amount of the pressure data detected
from the pressure-sensitive sensor 2060 within a prede-
termined period of time is large. For example, when it is
observed three times within a predetermined period of
time, for example, in 100 msec, that the continuously-
output pressure data of the respective pressure-sensitive
sensors vary +30% or more as compared to pressure
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data output immediately before the pressure data, the
variation amount of the pressure data is judged to be
large. It should be noted that the judgment whether a
variation amount of the pressure data is large or not is
not limited to this.

[0123] Whenitisjudgedin S3 thatthe variation amount
is large, it is judged in Step 4 (S4) that the movement of
the operator is not normal and judged as an erroneous
input, the pressure data output from the pressure-sensi-
tive sensor 2060 is ignored, and it is judged not to be an
input determination operation made by a press of the
operator.

[0124] On the other hand, when it is judged in S3 that
the variation amountis small, in Step 5 (S5), the pressure
data output from the pressure-sensitive sensor 2060 is
not used, and normal pressure data that has been input
in advance is adopted and it is judged as an input deter-
mination operation.

[0125] Asdescribed above, inthisembodiment, based
on the magnitude of the variation in temporal change of
the output from the pressure-sensitive sensor, it is pos-
sible to judge whether the input operation is made by a
normal movement of the operator, or is not made by a
normal movement of the operator (erroneous input).
Then, in a case where it is judged to be a normal move-
ment, the input operation is judged to be an input. In a
case where it is judged not to be a normal movement, it
is judged that the input operation does not exist. In this
way, the presence/absence of an input made by the op-
erator is judged based on the magnitude of the variation
in temporal change of the output from the pressure-sen-
sitive sensor, with the result that even when an input op-
eration involving the nonsmooth movement of the oper-
atoris made, if a variation of the output from the pressure-
sensitive sensoris small, itis judged to be a normal move-
ment and then to be an input. It should be noted that
here, the sensor apparatus having the structure shown
in the third embodiment is described as an example, but
this program is applicable to a sensor apparatus shown
in the other embodiments described above.

<Eleventh embodiment>

[0126] Next, use examples of the information process-
ing apparatuses described above will be described with
reference to Figs. 28, Figs. 29, and Fig. 30. It should be
noted that here, the sensor apparatus 100 described in
the first embodiment will be described as an example,
but the usage examples are applicable to the sensor ap-
paratuses described in the other embodiments.

[0127] Figs. 28 are schematic plan views showing a
conventional image processing technique using two fin-
gers. Fig. 28(a) shows the movement of the two fingers
when giving an instruction to enlarge an image; Fig. 28
(b), to contract an image; Fig. 28(c), to rotate an image;
and Fig. 28(d), to move animage. Figs. 29 are schematic
plan views showing animage processing technique using
one operator, according to this embodiment. Fig. 29(a)
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shows the movement of the operator when giving an in-
struction to enlarge an image; Fig. 29(b), to contract an
image; Fig. 29(c), to move an image; Fig. 29(d), to rotate
animage; and Fig. 29(e), to perform an operation of page
scrolling, or scrolling to the top of file or the end of file. A
program for performing the enlargement, contraction, ro-
tation, movement, and the like of an image with use of
one operator can be incorporated in, for example, a com-
puting circuit (judgment unit) provided on a circuit board.
Fig. 30 is a flowchart of this program for the image
processing.

[0128] As shown in Figs. 28, conventionally, two fin-
gers are used when enlarging, contracting, rotating, or
moving an image displayed on the touch panel 400. As
shownin Fig. 28(a), ina case where animage is enlarged,
for example, an index finger is put at a position 401 and
athumbis putataposition 402, and the fingers are moved
in the arrow directions, thus making an operation of in-
creasing a distance between the two fingers. As shown
in Fig. 28(b), in a case where an image is contracted, for
example, the index finger and the thumb are put at the
position 401 and the position 402, respectively, and are
moved in the arrow directions, thus making an operation
of reducing the distance between the two fingers. As
shown in Fig. 28(c), in a case where an image is rotated,
for example, the index finger and the thumb are put at
the position 401 and the position 402, respectively, and
the index finger is moved in a desired direction of rotation
with the thumb 402 as a base point. As shown in Fig. 28
(d), in a case where an image is moved, for example, the
index finger and the thumb are put at the position 401
and the position 402, respectively, and are moved in a
desired direction of movement.

[0129] Ontheotherhand, inthisembodiment,inacase
where an image is enlarged, as shown in Fig. 29(a) and
Fig. 30, a point on the touch panel 50 of the sensor ap-
paratus 100 is pressed with the operator, and accordingly
whether pressure-sensing is ON or not is judged to be
YES in Step 1 (S1). Then, the press is maintained, and
accordingly whether pressure-sensing is OFF or not is
judged to be NO in Step 2 (S2). Then, while the press is
maintained, the operator is moved to an upper portion of
the screen, with the result that the movement direction
is recognized in Step 3 (S3) and it is judged in Step 4
(S4) that an instruction of enlargement is made.

[0130] In a case where an image is contracted, as
shown in Fig. 29(b) and Fig. 30, a point on the touch
panel 50 is pressed with the operator, and accordingly
whether pressure-sensing is ON or not is judged to be
YES in Step 1 (S1). Then, the press is maintained, and
accordingly whether pressure-sensing is OFF or not is
judged to be NO in Step 2 (S2). Then, while the press is
maintained, the operator is moved to a lower portion of
the screen, with the result that the movement direction
is recognized in Step 3 (S3) and it is judged in Step 4
(S4) that an instruction of contraction is made.

[0131] In a case where an image is moved, as shown
in Fig. 29(c) and Fig. 30, when a point on the touch panel
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50 is pressed once (single click) with the operator, and
accordingly whether pressure-sensing is ON or not is
judged to be YES in Step 1 (S1), and whether pressure-
sensing is OFF or not is further judged to be YES in Step
2 (S2). Then, in a case where there are no additional
clicks, it is judged to be a pressure-sensitive single click
in Step 5 (S5), and when the operator is moved in a state
where the press is canceled, it is judged in Step 6 (S6)
that an instruction of movement is given.

[0132] In a case where an image is rotated, as shown
in Fig. 29(d) and Fig. 30, the base point is pressed twice
(double click) with the operator, and accordingly whether
pressure-sensing is ON or not is judged to be YES in
Step 1 (S1), and whether pressure-sensing is OFF or not
is further judged to be YES in Step 2 (S2). Then, since
there is an additional click (double click), it is judged not
to be a pressure-sensitive single click in Step 5 (S5), and
it is judged to be YES in Step 7 (S7) and judged in Step
8 (S8) that an instruction of rotation is given. Next, the
operator is moved to a position away from the base point,
and then moved in a direction of rotation in a state where
the press is canceled, thus performing a rotation opera-
tion.

[0133] In a case of the page scrolling, or scrolling to
the top of file or the end of file, as shown in Fig. 29(e)
and Fig. 30, a point on the touch panel 50 of the sensor
apparatus 100 is pressed with the operator, and accord-
ingly whether pressure-sensing is ON or not is judged to
be YES in Step 1 (S1). Then, the press is maintained,
and accordingly whether pressure-sensing is OFF or not
is judged to be NO in Step 2 (S2). Then, the operator is
moved on the touch panel 50 in a right direction or left
direction, with the result that the movement direction is
recognized in Step 3 (S3), and it is judged in Step 4 (S4)
that an instruction of page scrolling, or scrolling to the
top of file or the end of file is given. In Figs. 29, a state
of being judged as an input due to a press of the operator
is referred to as a pressure-sensitive operation +, indi-
cated by a black circle, and a state of not being judged
as an input, in which a press by the operator is not made,
is referred to as a pressure-sensitive operation -, indicat-
ed by a white circle. One-time input operation (single
click) made by a press of the operator is indicated by +.
Two-time input operations (double click) made by a press
of the operator is indicated by x.

[0134] Inthisembodiment, programming is made such
that if the movement of the operator in the early 60 msec
is within about =30 degrees or from about 150 degrees
to 210 degrees from the horizontal direction (right and
left direction on the screen) on the XY plane, it is judged
that the movement is made in the horizontal direction.
Further, programming is made such that if the movement
of the operator in the early 60 msec is within about 60 to
120 degrees or 240 degrees to 300 degrees from the
horizontal direction (right and left direction on the screen)
on the XY plane, it is judged that the movement is made
in the vertical direction (up-and-down direction on the
screen). Then, programming is made such that in the
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cases not included in those ranges, it is not judged that
an instruction of enlargement, contraction, or the like is
given, and it is judged that the movement is made in the
horizontal direction if the position obtained 140 msec later
is in a range of about =40 degrees or from about 140
degrees to 220 degrees from the horizontal direction, or
judged thatthe movement is made in the vertical direction
if the position is in a range of 50 to 130 degrees or 230
degrees to 310 degrees from the horizontal direction.
Then, programming is made such that in the cases not
included in those ranges, it is not judged that an instruc-
tion of enlargement, contraction, or the like is given.
[0135] As described above, in the use examples
shown in this embodiment, one operator suffices, with
the result that the operability is excellent as compared to
a case where two operators are necessary.

Description of Symbols
[0136]

10,9010 casing
50,2050,5050,6050,7050,9050 touch panel
51 input operation surface
60,1060,2060,3060,5060,6060,7060,9060
sure-sensitive sensor
61,2061,5061,6061,7061 upper electrodes
62,1062 elastic body

63,2063,3063,8065 lower electrode
100,1100,2100,3100,4100,5100,6100,7100 sensor
apparatus

153 X transparent electrode pattern

3001 first shield electrode

3002 first dielectric layer

4001,5001 second shield electrode

4002,5002 second dielectric layer

pres-

Claims
1. A sensor apparatus, comprising:

a touch panel that includes an input operation
surface and detects a position at which an op-
erator comes into contact with the input opera-
tion surface directly or indirectly;

a casing configured to accommodate the touch
panel; and

a pressure-sensitive sensor that includes a first
electrode fixed to the touch panel, a second
electrode fixed to the casing, and an elastic body
arranged between the touch panel and the cas-
ing and elastically supporting the touch panel
with respect to the casing, and detects a press-
ing force input to the input operation surface, as
a change of a capacitance between the first and
second electrodes.
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The sensor apparatus according to claim 1, wherein
the input operation surface has a rectangular shape,
and

the pressure-sensitive sensor is arranged at each of
four corners of the touch panel.

The sensor apparatus according to claim 2, wherein
the elastic body is formed in an annular shape along
a circumference of the touch panel.

The sensor apparatus according to claim 3, wherein
the first electrode is formed correspondingly to each
of the four corner positions of the touch panel, and
the plurality of first electrodes are electrically con-
nected to each other.

The sensor apparatus according to claim 3, wherein
the first and second electrodes are each formed in
the annular shape along the circumference of the
touch panel.

The sensor apparatus according to claim 2, further
comprising

a judgment unit configured to judge the pressing
force based on a combined value of capacitance
changes detected by the respective pressure-sensi-
tive sensors.

The sensor apparatus according to claim 1, wherein
the touch panel includes a first substrate having a
first electrode pattern, a second substrate having a
second electrode pattern, and a bonding layer that
bonds the first substrate and the second substrate
to each other, and

the first electrode of the pressure-sensitive sensor
is formed on the first substrate of the touch panel.

The sensor apparatus according to claim 1, wherein
the first electrode is constituted of two electrode por-
tions that are opposed to the second electrode with
the elastic body being interposed therebetween.

The sensor apparatus according to claim 1, further
comprising:

a first conductor layer provided correspondingly
to the second electrode; and

a first dielectric layer that is provided between
the first conductor layer and the second elec-
trode, and has a dielectric constant smaller than
that of the elastic body.

10. The sensor apparatus according to claim 1, further

comprising:

a second conductor layer provided correspond-
ingly to the first electrode; and
a second dielectric layer that is provided be-
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11.

12.

13.
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tween the second conductor layer and the first
electrode, and has a dielectric constant smaller
than that of the elastic body.

The sensor apparatus according to claim 1, wherein
the touch panel is a capacitive touch panel.

The sensor apparatus according to claim 1, further
comprising

a judgment unit configured to judge presence/ab-
sence of an input made with the operator based on
a magnitude of a variation in temporal change of an
output from the pressure-sensitive sensor.

An information processing apparatus, comprising:

a touch panel that includes an input operation
surface and detects a position at which an op-
erator comes into contact with the input opera-
tion surface directly or indirectly;

a casing configured to accommodate the touch
panel;

a pressure-sensitive sensor that includes a first
electrode fixed to the touch panel, a second
electrode fixed to the casing, and an elastic body
arranged between the touch panel and the cas-
ing and elastically supporting the touch panel
with respect to the casing, and detects a press-
ing force input to the input operation surface, as
a change of a capacitance between the first and
second electrodes; and

a display panel that is arranged on a back sur-
face side of the touch panel and accommodated
in the casing.

Amended claims under Art. 19.1 PCT

1. (Currently amended) A sensor apparatus, com-
prising:

a touch panel that includes an input operation
surface and an electrode pattern to detect a co-
ordinate position at which an operator comes
into contact with the input operation surface di-
rectly or indirectly;

a casing configured to accommodate the touch
panel; and

a pressure-sensitive sensor that includes a first
electrode fixed to the touch panel, a second
electrode fixed to the casing, and an elastic body
arranged between the touch panel and the cas-
ing and elastically supporting the touch panel
with respect to the casing, and detects a press-
ing force input to the input operation surface, as
a change of a capacitance between the first and
second electrodes.
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2. (New) The sensor apparatus according to claim
1, wherein

the touch panel includes a substrate on which the
electrode pattern is formed, and

the first electrode is formed on the substrate.

3. (New) The sensor apparatus according to claim
1, wherein

the first electrode has a shape different from that of
the elastic body.

4. (New) The sensor apparatus according to claim
1, wherein

the elastic body has Young’s modulus of 0.001 to 2
MPa and a response speed having a recovery time
of 400 ms or less.

5. (Currently amended) The sensor apparatus ac-
cording to claim 1, wherein

the input operation surface has a rectangular shape,
and the pressure-sensitive sensor is arranged at
each of four corners of the touch panel.

6. (Currently amended) The sensor apparatus ac-
cording to claim 5, wherein

the elastic body is formed in an annular shape along
a circumference of the touch panel.

7. (Currently amended) The sensor apparatus ac-
cording to claim 6, wherein

the first electrode is formed correspondingly to each
of the four corner positions of the touch panel, and
the plurality of first electrodes are electrically con-
nected to each other.

8. (Currently amended) The sensor apparatus ac-
cording to claim 6, wherein

the first and second electrodes are each formed in
the annular shape along the circumference of the
touch panel.

9. (Currently amended) The sensor apparatus ac-
cording to claim 5, further comprising

a judgment unit configured to judge the pressing
force based on a combined value of capacitance
changes detected by the respective pressure-sensi-
tive sensors.

10. (Currently amended) The sensor apparatus ac-
cording to claim 1, wherein

the touch panel includes a first substrate having a
first electrode pattern, a second substrate having a
second electrode pattern, and a bonding layer that
bonds the first substrate and the second substrate
to each other, and

the first electrode of the pressure-sensitive sensor
is formed on the first substrate of the touch panel.
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11. (Currently amended) The sensor apparatus ac-
cording to claim 1, wherein

the first electrode is constituted of two electrode por-
tions that are opposed to the second electrode with
the elastic body being interposed therebetween.

12. (Currently amended) The sensor apparatus ac-
cording to claim 1, further comprising:

a first conductor layer provided correspondingly
to the second electrode; and

a first dielectric layer that is provided between
the first conductor layer and the second elec-
trode, and has a dielectric constant smaller than
that of the elastic body.

13. (Currently amended) The sensor apparatus ac-
cording to claim 1, further comprising:

a second conductor layer provided correspond-
ingly to the first electrode; and

a second dielectric layer that is provided be-
tween the second conductor layer and the first
electrode, and has a dielectric constant smaller
than that of the elastic body.

14. (Currently amended) The sensor apparatus ac-
cording to claim 1, wherein
the touch panel is a capacitive touch panel.

15. (Currently amended) The sensor apparatus ac-
cording to claim 1, further comprising

a judgment unit configured to judge presence/ab-
sence of an input made with the operator based on
a magnitude of a variation in temporal change of an
output from the pressure-sensitive sensor.

16. (Currently amended) An information processing
apparatus, comprising:

a touch panel that includes an input operation
surface and an electrode pattern to detect a co-
ordinate position at which an operator comes
into contact with the input operation surface di-
rectly or indirectly;

a casing configured to accommodate the touch
panel;

a pressure-sensitive sensor that includes a first
electrode fixed to the touch panel, a second
electrode fixed to the casing, and an elastic body
arranged between the touch panel and the cas-
ing and elastically supporting the touch panel
with respect to the casing, and detects a press-
ing force input to the input operation surface, as
a change of a capacitance between the first and
second electrodes; and

a display panel that is arranged on a back sur-
face side of the touch panel and accommodated
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Continuation of Box No.III of continuation of first sheet (2)

Judging from the special technical feature of each claim at the time
when the request of payment of additional search fees was made, this
international application includes six invention groups linked by each
of the following special technical features.

The inventions not having a special technical feature in claims 1,
11 and 13 are classified into the invention group 1.

Invention group 1l: The inventions in claims 1-6, 11 and 13

A sensor device having a feature wherein "the sensor device is provided
with: a touch panel which has an input operation surface and detects
the position on the input operation surface where an operating element
directly or indirectly touched; a housing which houses the touch panel;
and pressure-sensitive sensors, each of which has a first electrode fixed
to the touch panel, a secondelectrode fixed to the housing, and an elastic
bodywhich isarrangedbetween the touch panel and the housing, elastically
supports the touch panel to the housing and detects a pressing force
inputted to the input operation surface as a change of the capacitance
between the first and secondelectrodes", and "the input operation surface
has a rectangular shape, and the pressure-sensitive sensors are disposed
at the four corners of the touch panel".

Invention group 2: The invention in claim 7

A sensor device having a feature wherein "the sensor device is provided
with: a touch panel which has an input operation surface and detects
the position on the input operation surface where an operating element
directly or indirectly touched; a housing which houses the touch panel;
and pressure-sensitive sensors, each of which has a first electrode fixed
to the touch panel, a secondelectrode fixed to the housing, and an elastic
bodywhich isarrangedbetween the touchpanel and the housing, elastically
supports the touch panel to the housing and detects a pressing force
inputted to the input operation surface as a change of the capacitance
between the first and second electrodes", and "the touch panel includes
a first substrate having a first electrode pattern, a second substrate
having a second electrode pattern, and an adhesive layer which adheres
the first substrate and the second substrate to each other, and the first
electrodeofthepressure-sensitive sensoris formedonthe first substrate
of the touch panel™.

Invention group 3: The invention in claim 8

A sensor device having a feature wherein "the sensor device is provided
with: a touch panel which has an input operation surface and detects
the position on the input operation surface where an operating element
directly or indirectly touched; a housing which houses the touch panel;
and pressure-sensitive sensors, each of which has a first electrode fixed
to the touch panel, a secondelectrode fixed to the housing, and an elastic
bodywhichisarrangedbetween the touch panel and the housing, elastically
supports the touch panel to the housing and detects a pressing force
inputted to the input operation surface as a change of the capacitance
between the first and second electrodes", and "the first electrode is
composed of two electrode sections which face the second electrode with
the elastic body therebetween".

(Continued to next sheet)
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Invention group 4: The invention in claim 9

A sensor device having a feature wherein "the sensor device is provided
with: a touch panel which has an input operation surface and detects
the position on the input operation surface where an operating element
directly or indirectly touched; a housing which houses the touch panel;
and pressure-sensitive sensors, each of which has a first electrode fixed
to the touch panel, a secondelectrode fixed to the housing, and anelastic
bodywhichis arrangedbetween the touch panel and the housing, elastically
supports the touch panel to the housing and detects a pressing force
inputted to the input operation surface as a change of the capacitance
between the first and secondelectrodes™, and "the sensor device is further
providedwitha first conductor layer disposed corresponding to the second
electrode, and a first dielectric layer, which is disposed between the
first conductor layer and the second electrode and has a dielectric
constant smaller than that of the elastic body".

Invention group 5: The invention in claim 10

A sensor device having a feature wherein "the sensor device is provided
with: a touch panel which has an input operation surface and detects
the position on the input operation surface where an operating element
directly or indirectly touched; a housing which houses the touch panel;
and pressure-sensitive sensors, each of which has a first electrode fixed
to the touch panel, a secondelectrode fixed to the housing, and anelastic
bodywhichisarrangedbetween the touchpanel and the housing, elastically
supports the touch panel to the housing and detects a pressing force
inputted to the input operation surface as a change of the capacitance
betweenthe first and secondelectrodes™, and "the sensor device is further
provided with a second conductor layer disposed corresponding to the
first electrode, and a second dielectric layer, which is disposed between
the second conductor layer and the first electrode and has a dielectric
constant smaller than that of the elastic body".

Invention group 6: The invention in claim 12

A sensor device having a feature wherein "the sensor device is provided
with: a touch panel which has an input operation surface and detects
the position on the input operation surface where an operating element
directly or indirectly touched; a housing which houses the touch panel;
and pressure-sensitive sensors, each of which has a first electrode fixed
to the touch panel, a secondelectrode fixed to the housing, and anelastic
bodywhichisarrangedbetween the touchpanel and the housing, elastically
supports the touch panel to the housing and detects a pressing force
inputted to the input operation surface as a change of the capacitance
between the first and secondelectrodes™, and "the sensor device is further
provided with a determining unit which determines whether there is input
by means of the operating element, based on the level of a change of
output from the pressure-sensitive sensor with time".
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